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FOREWORD

This report was prepared by Richard T, Smith of the Electrogasdynamics Test Branch,
AF Flight Dynamics Laboratory, Rescarch and Technology Division, Wright-Patterson
Air Force Base, Ohio. It presents the results of hypersonic gasdynamic tests of high
temperature hypersonic diffusers during Sep-Dec 1963,

A search was made for diffuser data applicable to the Fifty-Megawatt Electrogasdynamic
Facility. Finding no data available in the high temperature range (4000° R-12,000° R), an in-
house study was initiated by Mr, Demetrius Zonars, Assitant to the Chief of the Flight
Mechanics Division.

The author is pleased to acknowledge the helpful comments and technical guidance of
Mr. D. Zonars and Mr. Franz J. A, Huber of the Electrogasdynamics Test Branch,



ABSTRACT

The effect of various diffuser configurations and blunted cone models on tunnel blockage
and pressure recovery of a high temperature hypersonic gasdynamics facility is presented.
These studies were conducted in the RTD One-Megawatt Prototype Electrogasdynamic
Facility operating continuously with dry air. All data were obtained with fr....n flow at -~ .
Mach number 7.6, a stagnation enthalpy 5f 3000 BTU/1b, and an arc chamber pressure of
7 atmospheres, To determine the effects of extreme air temperatures, the total enthalpy
was varied to 6000 BTU/lb with one diffuser configuration.

This technical documentary report Las been reviewed and is approved.

P. ANTONATOS
Chief,|Flight Mechanics Division
AF Flight Dynamics Laboratory
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\
INTRODUCTION \

A diffuscr is required on a high Mach number wind tunnel to extend its operating range
and run times, This is especially important for the Fifty-Megawatt Electrogasdynamic
Facility now being constructed for the Rescarch and Technology Division (RTD). In select-".
ing a diffuser for this facility, consideration was given to its large size, continuous flow,
high Mach number, low density, and high temperatures. All these factors influence the
choice of a diffuser configuration, but probably the most critical one is high temperature.
This is further complicated by a steep afr temperature gradient near the flow boundary
which is characteristic of the type of clectric arc air heater used,

The Prototype Arc Facility utilizes a scaled-down veision of the high voltage arc heater
to be used on the Fifty-Mcegawatt Facility, thereby closely duplicating its temperature dis-
tribution, The sclection of a diffuser for the Fifty-Megawatt Facility was based on the
best compromise for pressure recovery and maximum model size,

DESCRIPTION

Test Facility
i

The investigations were performed in the One-Megawatt Prototype Electrogasdynamic
Facility shown in Figures 1 and 2. This faciility is a continuous-flow, free-jet tunnel that
exhausts into a vacuum system, Stored 1200 psia air is passed through a silica gel drier
and then to a continuous dircect-current arc air heater capable of operating at 1000 KW,
This heater is described in References 1 and 2, A 4.19-inch exit diameter conical nozzle
with interchangeable throat sections can be used to obtain various test section flow condi-
tions. The included expansion angle of the conical nozzle is eé".

The test cabin is equipped with mounts for impact pressu&e survey probes and blockage
models. The probe and models are stored outside the free-je\ test flowiduring the tunnel
starting process, The impact pressurc probe was injected into the flow,\;\xsing an clectric
actuator, at a location 0.25 inch downstream of the nozzle exit, The blockage models were
injected by an air actuator to the tunnel centerline with injection times approximating one
quarter of a second. The two locations were 0.50 inch downstream and 2.75 inches down-
stream of the nozzle .xit, ~ .

The diffuser_and-model configurations are shown in Figure 3, The diffuser cohsisted of
a convergent entrance scoop with a total included angle of 18 degrees, and a constant-area
throat section. There was no divergent exit section. \ '

\
The free-jet length (distance from nozzle exit to diffuser entrance) was held fixed art
7.5 inches.

A vacuum bypass valve allowing atmospheric air to bleed into the vacuum pumps was
used to give variable back pressures (or, in effect, pump inlet pressures).

The test section plenum pumping line was connected at right angles to the flow and was
6 inches in diameter, Flow rates were measured using a calibrated orifice.

Manuscript released by author November 1963 for publication as an RTD Technical
Documentary Report,
) .
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The entirc test leg with the exception of the arc heater, sonic throat, and model struts
was uncooled, thereby limiting the continuous run time of the facility to 15 minutes at the
higher enthalpices.

i
* ~...-The foﬂ?)m calculated data are prescnted assuming equilibrium and frozen flow ex-"*7
pansions (Reference 4), The basis for the calculatior \vas the measurcd i-'io, Ho' and r'n_r
. \ VA

PO = 100 psia \

T = 7380°R

H = 3000 BTU/lb

o
A /A* = 280,
Equilibrium Frozen Flow Measured
A/A* 190 162 ' 156
M 5.8 7.6
Pe’ mm Hg 1.19 | 0.74 0.60-0.90
. T,°R 1700 600 ———
PT,' mm Hg 48.6 49.0 - 42
U, ft/sec 11,250 10285 10 o000
Ry /ft 1.6 x 104 3.2 . tf‘
p, b 1.25 x 10°7¢ .40 ~ 107 1235120 ~ 10°*
Facility Instrum- .tation \\

The arc heater voltagc was mcasured using a calibralec} voltmeter, The arc current
was measured using a meter and shunt, Iron-constantan thermocouples were located in |
all the arc heater water inlet and outlet lines. The temperature rise h the coolant was
recorded and uscd together with the*water flow rate and tunnel mass flow to determine
the stagnation enthalpy. A sonic orifice was located in the plenum pumping line and cali-
brated for various flow rates. The downstream side of the orifice was connected to a
vacuum of 0.02 mm Hg, and the pressure ratio across the orifice was monitored to insure
that sonic-flow-existed, \

Pressure Instrumentation \\

Various pressure sensing instruments were used such that the full ranges of pressures
could be measured. The arc chamber pressure was monitored by a bourdon-tube type
pressure gage, All test section impact pressures were measured using a silicon oil U-
Tube micromanometer referenced to a vacuum of less than 0.030 mm Hg absolute.

2



\
‘The test section plenum chamber pressure was determined by a CEC Magnavac thermal
conductivity gagce, and the nozzle exit pressure by a CEC Pirani gage, Pirani gages werce
also used to determine the flow through the plenum pumping line, All other pressurces
were measured with Wallace-"Tiernan gages. All instrumcents were check~calibrated before

and after the tests, L e ey

‘The local velocity and density were measured utilizing a local induction mass-flow probe i
and an impact pressure probe, These probes were designed and constructed by laboratory
personnel,

Blockage Models
... // -

Thirteen 60- degree blunted cone models (Figure 4) were used to define the operatmg
limits of the diffuser with a representative model in the hot ax\' flow, The models varied
in base diamcter from 0.5 inch to 2,375 inches, but were gcon‘ﬁg}trlcally s!milar. All concs
were made of solid carbon, and were uncooled during the test, They were heated to incan-
descence while in the hot flow, but were allowed to cool before reinsertion. ‘The model
blockage ratio is defined as the ratio of the model base area to the geometrical nozzle exit,

arca,

The models were mounted on a cooled movable support (Figure 3) to facilitate insertion
into the flow as rapidly as possible, A 0,312-inch-diameter water-cooled sting and strut
were used to support the models, A 30-degree included-angle cooled leading edge was
placed on the strut in order to relieve the strut blockage.

Test Procedures

The tunnel was brought to desired operating condition with the test section empty.
complete nozzle impact pressure survey was made for each nozzle-diffuser conﬁquranon

A typical survey is presented in Figure 6,

A typical diffuser blockage test proceeded as follows. Flow was established and stabilized
at the desired operating condition. The vacuum pump inlet pressure was raised by blecding
in air downstream of the diffuser, and taking data until the nozzle exit pressure incrcased
to one and one-half times the value at fully expanded nozzle flow, indicating possible flow

| .
separation, This point v .s noted as P?. Data were kak’enj prior to inserting the model and

after the model was on the tunnel centerline. The model was ré¢maved from the flow hetween
data points, The pump inlet pressure was recorded prior to ingerting the model, When flow
collapsed on a model due to blockage, the model was removed fyom the flow, plenum pump-
ing turned on full, and the model reinserted into the flow for data collection, The plenum
pumping rate was then reduced until the flow again collapsed on the model. This was called
the minimum plenum pumping rate required for each tunnel-modsiel configuration,

A_ll data were hand-recorded and hand-reduced. oy \
Data Accuracy 3 ' \\
A summary of possible errors is given Below:
P +3 psia -

(o]

H, —¥200 BTU, Ib . ‘



P.. +1 mm Hg
|3

I’c +0.010 mm Hg
Pp 10.050 mm Hg
l’D 10,150 mm Hg
PD 10,080 mm Hg
c
Pv 10,050 mm Hg
B 4

Pv +1 mm Hg

rhp +0.003 1b/min
m. . +0.03 1b/min

The scaling of the test chamber was accomplished with ‘O’ rings, gaskets, and high-
vacuum greasc. ‘The leak rate of the test leg was kept to less than 19, of tunnel mass flow
throughout the test,

RESULTS

‘T'wo diffuser configurations not shown in this report were also run. The first, with
AD/AG = (.75, would not allow tunnel flow to start with an empty test section, The second,

with AD/Ae = 0.942 and L/dD = 4, gave a wnnel-empty (no model) recovery of only 9.5

percent. These diffusers, similar to the ones in this report, but shorter and with smaller |
throat diameters, were considered unsuitable and were not utilized thereafter.

A typical test section impact pressure survey is presented in Figure 6, and test section
flow pictures in Figurcs 7 and 8, Basic performance curves for all diffusers tested are ;
presented in Figures 9 through 22, The best tunnel-empty pressure recovery (Figure 23)
occurred with the 94 percent diffuser, and was independent of length in the range tested.

1y £y 3 1~ 1 vt A3EE e - i~ . s i .
The flow in the 119 porcent diffuser throat remained supersonic with L,’dD of © and wac

deceicraicd (o subsonic with lengths longer than 12 diamcters, The effects on blockage
model sizes of changing the diffuser throat area are shown in Figure 24, Good test flow |
could be maintained with a 24.2 percent model when the long (L/dD = 22) diffusers with

large throat areas (119%-145%) were used. The addition of plenum pumping resulted in
little increase in allowable model size at AD/Ae = 119 percent, but gave significant in-

creases with the other two diffusers. Only small models could be inserted in the flow with
the 94 percent diffuser regardless of its throat iength. Very little effect of diffuser throat
length on model size is noted with a 94 percent diffuser (Figure 25). This is probably due
to its exit flow always being subsonic regardless of length, Significant increases in maxi-
mum model sizes occurred as the diffuser throat length was increased while holding the
diffuser throat area constant at 119 percent. The diffuser exit flow changed from super-
sonic to subsonic as the throat length was increased. This transition occurred at about

L /dD = 12, Increasing the diffuser throat area to 145 percent allowed 24,2 percent models

4




to be inserted in the flow at all diffuser throat lengths without changing the nozzle exit ,
pressure and plenum pressures, Diffuser exit pressure ratios indicate the flow there to
b¢ supersonic at ali conditions, therefore the maximum allowable model size remained '
essentially constant. Doubling the stagnation cnthalpy had essentially no effect on diffuser

pressure recovery (Figure 26), | g

'i'he effect of incrcasing the model size on diffuser pressure recovery can be seen in
Figure 27. As would be expected, the pressure recovery decreases as the model size in-
crcascs, ‘The 119 percent diffuser pressure recovery was least affected by the increasing
model size when the throat length was 22 diameters. The diffuser recovery pressure ratio
was maintained greater than 40 percent with model sizes 20 percent or less. The results
of plenum pumping are also shown in Figure 27, ‘

diffuser pressure recovery, These data are not summarized, but are included in the basic

Shortening the model support sting resulted in small?' allowable modecl sizes and less
performance curves,

CONCLUSIONS |

\
Tests on model blockage and diffuscr pressure rccove&y were madc in air electric arc |
wind tunnel delivering approximately 125 KW to the 4-inch- diametet\ free-jet test airﬂow. i
The Mach number was 7.6 and the total enthalpy 3000 BTU/1b. »

Considering both the pressure recovery and the maximum allowable model size, the best
diffuser tested had a cross-sectional area 19 percent larger than the nozzle exit area and
a diffuser length-to-diameter ratio of 15. The tunnel-empty diffuser recovery pressure
was 43 percent of-the test section pitot pressure, It decreased to 33 percent,upon inserting
into the test flow a 60-degree blunted cone model having a frontal area of 20 percent of
the nozzle exit area, \

Vacuum pumping from the test section plenum did not significantly increase the maxi-
mum model size, Increasing the flow enthalpy from 3000 to 6000 BTU/1b had no effect on

the tunnel-empty pressure recovery,

‘
o~
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TO VACUUM

PUMPS
PLENUM
CHAMBER
PT, (MR 75)
ARC HEATER oo ¢ DIFFUSER

—_—

R, =100 PSIA
Hp =3000 BTU/Ib € P

Figure 2. Tunnel Schematic

SEAL

\L’/_t__,__rd——*——ﬁ\ 5 t Il

dg =4,19" dp \ 8"

DIFFUSER
d A
DIFFUSER | —— 0 0
0 de Ag ___
e
1 24.2 | 0.970 | 0.942 ‘,gr’
o 21.6 | 1.090 | 1.190
m 20.0 | 1.20 1. 480 FLOW * 60° dm
v 9.0 | 0.970 | 0.%42
v 3.0 (.090 | 1.190 \\\\\J
T 9.0 1.20 1. 450 T
WL 15.0 | 1.080 | 1.190 BLOCKAGE MODELS
wn 12.0 ] 1.090 | 1.190

Figure 3. Diffuser Configurations
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Figure 6, Typical Impact Pressure Survey
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TUNNEL EMPTY
wW=0 '

15 % MODEL
W=0

22 .6% MODEL
wW=0

8.95% MODEL
w=0

175% MODEL

w=0

242% MODEL
W=0

129% MODEL
W =0

20.1% MODEL
W=0

273% MODEL
W=10%

Figure 7. Flow Pictures Using Diffuser 1I With Long Sting

13




TUNNEL EMPTY 15% MODEL 17.5 % MODEL
w=0 w=0 w=0

IZS%,MODEL 20.1% MODEL 20.1% MODEL
W=1.3% W=0 W=15%

L

226% MODEL 22.6% MODEL 25 % MODEL
w=0 W=[15% W=10%

Figure 8. Flow Pictures Using Diffuser II With Short Sting
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Pe~mm Hg

.

TEST CONDITIONS
Model Minimum Plenum
P Pe ) . .
p Size Pumping Required
® 0} None None
A A 12.9 % None
v v 15.0 % Ws28%
[ ] O] 17.5 % W= 4.5%
A
L -2352 -0 :p9a2
dp Ag

Figure 9. Vacuum Pump Inlet Pressure Effects - Diffuser I, Long Sting

19.0% Tunnel Empty
12.9% Flow
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TEST CONDITIONS

PD P Model Minimum Plenum

e D Size Pumping Required
L o None None
A A 12.9 % None
v v 15.0 % W=28%
] D i7.5 % Wz 4.5%

L Ap

— 3 242 — =0.942

dp A

| NIAW

O pre—

1 L
4 8 12 16 20 24
Py~mm Hg
Figure 9. (Cont' d)
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Pg ——mm Hg

Pp

TEST CONDITIONS
P pe Mo del Minimum Plenum
P Size Pumping Required
o 0] None None
A a 12.9 % None
v v 15.0 % W= [.1%
[ ] = 17.5 % W=4.5%
L Ap
-" 24.2 = 0.942
D Ag
4
15 % |
Flow Tunnel Empty
L)
3 F‘ITO'S % Collopsed 12.9 % Flow Collapsed
Collapsed Flow Collapsed
2 [ j T
“\_\ W
L 2 ————y ?
I 2y o 0| 7A) = —_—
ﬁ_ Oy O _Eﬁ—ﬁ‘};‘.—%_:;/
0
0 8

Figure 10. Vacuum Pump Inlet Pressure Effects - Diffuser [, Short Sting




Pp ~mm Hg
N

PD,

TEST CONDITIONS

P P Model Minimum Plenum
D¢ o Size Pumping Required
@ (o] None None

A A 12.9 % None

v v 15.0 % Wz i.1%

] o] 17. 5 % Wz4.5%

Ap

24. 2 A = 0 942

Figure 10, (Cont'd)
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Pe ~-mm Hg

TEST CONDITIONS
Model Minimum Pienum
P Pe ;
P Size Pumping Required
® O] None None
’ 0 8.9% None
] 0 17.5% None
° ° 20. 1% None
L J <> 22.6% None
A A 24.2% None
A
L .26 —R_: 1190
dp A,
24.2%

22.6%
‘f i 17.5%

201% | Tunnel Empty
A M 4 Flow Collopsed —

K

o
H
@

e 16 20 24
P,~mm Hg

Figure 11, Vacuum Pump Inlet Pressure Effects - Diffuser I, Long Sting
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Figure 11. (Cont' d)

TEST CONDITIONS
PD Py Model Minimum Plenum
e Size Pumping Required
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v v 12.9% None
" o] 17.5% None
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dp Ag
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24
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TEST CONDITIONS
P P, Model Minimum Plenum
P Size Pumping Required
® (O] None Noneg
» o] 15.0% Nore
v v 17.9% W:=1.3%
¢ o 20.1% Wz 1.5%
A A 22.6% W=1.5%
A
L .6 =L .90
dp Ag

22.6% 150%

201%
bizs

-4

‘ ‘ Tunnel Empty
Flow Coliapsed

s AP
Eﬁ

Figure 12, Vacuum Pump Inlet Pressure Effects - Diffuser I, Short Sting
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P0 ,PD ~~mm Hg

TEST CONDITIONS
Po P Model Minimum Plenum
e Size Pumping Required
(] O] None None
| 0] 15.0 % Nong
v v 17.5% W=1.0%
¢ 9 20.1% W= 1.0%
A A 22.6% W=1.0%
A
== 21.6 -2 . 0
D Ag

40

30

20

12

Pv~mm Hg

Figure 12, (Cont'd)
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Pp , Py ~mm Hg

TEST CONDITIONS

P pe Model Minimum Plenum
P Size Pumping Required
® O] None None
A A 12.9% None
¢ 0 22.6% None
v v 24.2 % None
® o] 27.3% W=47%
A
L . 200 D . 450
dp AB
Tunne! Empty
Flow Coliapsed
24.2 % A
22.6% | 129% i
27.3%

|
L

[
~

t

°\

‘.r)in y 4’—‘\

- - —0 A
t

0 4 8 12 15 20
Py ~ mm Hg

Figure 13, Vacuum Pump Inlet Pressure Effects - Diffuser I, Long Sting
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TEST CONDITIONS

PD PD Model Minimum Plenum
e Size Pumping Required

o (0] None None
A A 12.9% Naone
] 0 22.6 % None
v v 24.2% None
Y [} 27.3 % W= 47%

L A

— = 20.0 . I. 450

dp Ag

Py~mm Hg

Figure 13.
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Pg~mm Hg

TEST CONDITIONS
Pp Pq Mode! Minimum Plenum
Size Pumping Required
® O None None
¢ 0 15.0% None
v v 17.5% None
n o 22.6% Wz 1.0%
[ J © 24.2% W= 1.7%
> <> 25. 7% Wz 08%
A A 27.3% W=43%
i
A
L :200 —2 . 1450
dp Ag
Tunnel Empty
Flow Coliapsed
15%
17.5%
22.6%

24.2%

25.7%

27.3%

o\
=4V
M .

q 8 12 1S 20 24

Figure 14, Vacuum Pump Inlet Pressure Effects - Diffuser I, Short Sting
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TEST CONDITIONS
PD PD Model Minimum Plenum
e e Size Pumping Required
® o None None
¢ o 15.0 % None
v v 17.5 % None
u (o] 22.6 % W= 1.0%
* [o] 24.2 % Wz=1.7%
> < 25.7% W=08%
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Figure 14. (Cont'd)
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TEST CONDITIONS
Pp Po Model Minimum Plenum
Size Pumping Required
® (0] None None
A A 5.7% None
¢ 0 8,95% None
[ -3 15.0% None
v 7 17.5 % W= 80%
A
L .o -0 . o942
dp Ae
4 -
Tunnegl Empty
3 175 % Flow Collopsed
5 % 8.95% A
e |
g [ | at
3
E 2 /
. - ‘ '
2® — ¥ 5.7%
o
o — /D
A7 vV
- o ~
B o (O=— .
je—1—1— -
OL
0 4 12 16 20 24 26

Pv~m m Hg

Figure 15. Vacuum Pump Inlet Pressure Effects - Diffuser IV, Long Sting
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TEST CONDITIONS
Po Py Model Minimum Plenum
e Size Pumping Required
® © None None
A A 5.7 % None
¢ )] 8.9 % None
® ° 15.0% None
v v 17.5% None
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Figure 15. (Cont'd)
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TEST CONDITIONS

Po Pe Model Minimum Plenum
Size Pumping Regquired
® © | None None
A A 8.9 % None
] [ 12.9% None
[ e 15.0% W= 1.4%
v v 17.5% wW=85%
L A
=9.0 D - 0.942
dp A
4
Tunnsl Empty
Flow Collapsed
3 15.0% | _ 8.95%
AUzs% 12.9% 4
.. (-3
o
T /.
13
E 2 /
!
o®
Q! l\ J /)
3 F; . T&T
&= —— —o.= g
o— —

24

Figure 16. Vacuum Pump Inlet Pressuce Effccts - Diffuser IV, Short Sting”
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PD:mm Hg
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TEST CONDITIONS

[ P Model Minimum Plenum
De D Size Pumping Required
e © None None

A A 8.9 % None

¢ o 12.9% None

[ o 15.0 % Wz1.3%

v v 17.5 % W=8.7%

L Ap

—E'D— 9.0 A—e = 0.942

8 12
Py~mm Hg

16

Figure 16. (Cont' d)
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Pa~mm Hg

?

Py

TEST CONDITIONS
P P Modet Minimum Plenum
p e . R .
Size Pumping Required
® 0] None None
A A 8.95% None
¢ ¢ |175% None
b ° |200% wW=19%
L Ap
E = 990 K = [.190
4
Tunnel Empty
Flow Collapsed
3 17.5% 8.95%
* ]
20.1%

) P
[0 S P —
I T o
o
O J
(o] 4 8 12 16 20 24

Fy~rmm Hg

Figure 17. Vacuum Pump Inlet Pressure Effects - Diffuser V, Long Sting
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P P Model Minimum Plenum
P e ! . .
Size Pumping Required
[ ] [o] None Nons
A A 8.9 % None
¢ O |175% Nene
[ ] -] 20.1% Ws19%
Lo Ap .
d—f; = 9.0 K = 1.i90
G;
A/
‘______)"/
(o] 4 8 12 16 20
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Pp , Pe~mm Hg

TEST CONDITIONS
p Pe Model Minimum Plenum
P Size Pumping Required
® 0] None None
A A 15.0% None
¢ o] 17.5% None
L4 @ 22.6% W=86%
L . Ap _
-d—D = 9,0 _A—e- s 1190
Tunne! Empty
Flow Collapsed
15%
22.6 175% /
———/
o—————

12 18 20
Py~mm Hg

(]
F
[+ ]

Figure 18, Vacuum Pump Inlet Pressure Effects - Diffuser V, Short Sting
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PDe.pD"'m m Hg

TEST CONDITIONS
Pp Pp Model Minimum Plenum
e Size Pumping Required
] (0] None None
A A 15.0% None
) o 17.5% None
[ [) 22.6% W=286%
L Ap
-— = 9.0 — = 1190
dp A,
40 FC’F
?\
TR \b
20
10
— —ird
0 Nom— - . —_—
0 4 8 12 16 20 24
P,~mm Hg

Figure 18, (Cont'd)
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Pp,Pe~mm Hg

TEST CONDITIONS
Pp Pg Model Minimum Plenum
Size Pumping Required
® © None None

A A 12.9% None

¢ 0 22.6% None

[} o] 24.2% None

a ol 27.3% W =46%

4 /4 28.9% W =86%
L. s %0 . 150
dp Ae

[ ]
22.6%
24.2%

08.9% 1|273%

Tunne! Empty

#

Flow .Collap+d

Figure 19. Vacuum Pump Inlet Pressure Effects - Diffuser VI, Long Sting
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TEST CONDITIONS
PD PD Model! Minimum Plenum
e Pumping Required
® © None None
A A 12.9% None
¢ 0 22.6% None
[ ] o} 24.2% None
[ ] o] 27.3% W=46%
y 4 28.9% W=86%
L Ap
— = 90 — = [.450
dp Ag
40 i —
/—
o— |
30
z A
3 o = '|=7—0 2
. R o)
o
o
10
; #
0 —

e 12

Pv«mm

Hg

Figure 19, (Cont' d)
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Pp , Pg~mm Hg

TEST CONDITIONS

p P Model Minimum Plenum
; (Y X X .

p Size Pumping Required
® © None None

2 102 8.9% None

) D 15.0% Nane

 J 0 22.6% None

4 4 25.7% W= 20%

[ ] (o] 27.3% W= 28%

| 4 4 28.9% W:=86%
S . os0 %0 . 14
ap =2 . 'A—e = 1,450

Tunne! Empty
Flow Coliopsed

15.0%

8.9%

Figure 2. Vacuum Pump Inlet Pressure Effects - Diffuser VI, Short Sting
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pDe.PD"'m m Hg

TEST CONDITIONS
Pp Po Model Minimum Plenum
Size Pumping Required
L J 0] None None
¢ 1 8.9% None
| B 15.0% None
¢ 13 22.6% None
4 A 25.7% W= 2.0%
[ ] 0] 27.3% W=28%
4 ‘4 28.9% W=8.6%
L Ap
?D— 9.0 A—e- s .45
o— |
A
=
%1’ )
| e
L
X
@
_././.
o— —
4 8 12 16 20 24
Py~ mm Hg

Figure 2. (Cont'd)
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Pp,Pe~m m Hg

TEST CONDITIONS
Pp Pe Model Minimum Plenum
Size Pumping Required
® © None None
A A 129% None
[ B 15.0% None
| B 17.5% None
L J 0] 20.1% None
| | 0] 24.2% W=8.8%
4 A 25.7% W=287%
L Ap
-— = . — ],
a5 15.0 A, 190
24.2% 20.1% Tunnel Empty
) 25.79% 4}15 0%  Flow Collapsed
17.5% ]
r | ha.o%
/]
: 1
= N RN ]
0 4 8 12 16 20 24

Py~mm Hg

Figure 21. Vacuum Pump Inlet Pressure Effects ~ Diffuser VII, Long Sting
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PDe,Pc‘me Hg
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TEST CONDITIONS
PD PD Mode! Minimum Plenum
¢ Size Pumping Required
® © None None
A A 12.9% None
[ Y D 15.0 % None
[N [N 17.5% None
9 9 20.1% None
a o] 24.2% W=88%
4 A4 25.7% W=8.7%
L . 50 Ad . 90
dp Ay
\
2% ¢ 3@
B ‘
I ——————
-ﬂ
®
‘.
L‘ s
0 4 8 12 16 20 24
Py~mm Hg

Figure 21. (Cont'd)
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Pb 'Pe~mrn Hg

TEST CONDITIONS
B P Model Minimum Plenum
P e Size Pumping Required
® 0] None None
A A 12.9% None
[ S B 17.5% None
¢ ¢ 226% None
[ ] 0] 24.2% None
4 A 25.7% W =50%
L A
— = 180 L - ie0
dD Ag
24.2% 17.5%
25.7% ‘|2-9°/o
22.6%
{
Tunnel Empty
Fiow Collapsed
|
(o] 4q 8 12 16 20 24
Py~mm Hg

Figure 22. Vacuum Pump Inlet Pressure Effects - Diffuser VII, Short Sting
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TEST CONDITIONS

Pp Pe Model Minimum Plenum
e Size Pumping Regquired
® ® None None
A A 12.9% None
h N 17.5% None
¢ o] 22.6% None
| ] o] 24.2% None
4 4 25.7% W=50%
= 15.0 % . e

dp Ae

S,
>
R'/

Figure 22,
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TUNNEL EMPTY

Q ap/A, = .942
@ Ap/ A, = 1190
a ap/ne = 1.450

PTz = 42.0 mm Hg

.60
- I

.50

.30 -
P P
a o
20
10
[0}
0 ) 8 12 16 20 24
L
dp

Figure 23. L/ dD Summary Curve - Diffuser Recovery Just Prior to Flow Collapsing,
Tunnel Empty
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© tL/sdp = .9,
O Lrep = 15
[ Lsp = 22

NO PLENUM PUMPING
— WITH PLENUM PUMPING

Aa = LARGEST MODEL WITH GOOD FLOW

.30
.25
.20 -
///
o—
2| @
Tla s ——-z/,L
R
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.90 1.00 1.10 1.20 1.30 1.40
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Be

Figure 24. AD/ Ae Summary Curves for Blockage Models With Long Sting
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© Ap/Ae= .942
B Ap/Ag = 1190

A Ap/ Ag = 1.450

NQ PLENUM PUMPING

— — — - WITH PLENUM PUMPING

A% = LARGEST MODEL WITH GOOD FLOW

Figure 25. L/ d,, Summary Curves for Blockage Models With Long Sting
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~mm Hg

3

P, P,

TEST CONDITIONS
Pp Pe Nomina!l Stagnation
Enthaipy
® o] 3000 BTU/Ib
| 0] 4800 BTU/Ib
L © 6000 BTU/Ib
L A
— = 12.0 -2 . 1.19
dp Ae

4
Tunnel Empty

3 , . Flow Collapsed
2
1o B

jass

©

F
0
o] 4 8 12 16 20 24

Py~ mm Hg

Figure 26, Vacuum Pump Inlet Pressure Effects for Various Total Enthalpies

DBiffuser VII, No Models
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PDe,Po~mm Hg

TEST CONDITIONS
Ppe Pp Nominal Stagnation
Enthalpy

® [c] 3000 BTU/Ib
| | o] 4800 BTU/ib
L © 6000 BTU/Ib

L Ap

E = 2.0 _A_e— = 1.9

45 —K—«- —_—— e
40 \
30 O\\ e
\ \El‘
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10 ///
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Figure 26. (Cont'd)




No Plenum Pumping With Plenum Pumping
O Ap /A4 =0.942 ® aAp/a, = 0.942
o] Ap /A, =1.190 W Ap /A, = 1.190
A Ap /Ag =1.450 A AprAag = 1.450
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Figure Z7 . Diffuser Recovery With Various Blockage Models With and Without Plenum Pumping
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